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2007; Nilsson et al., 2006; Tchesnokova et al., 2008; Thomas et al., 2004; Thomas et al., 2002) , no crystal or NMR structure exists of this conformation. Therefore, it is not possible to start simulations with the interdomain region in the weak-binding conformation where the two domains of FimH are in close contact. We here simulated only FimH-Ld, which is in the high-affinity state in the solved structures and which lacks interdomain contacts to allosterically regulate adhesion. The exception for this set-up is one control equilibration, noted in the text, where the whole FimH construct was used (1KLF).
Residues 1-158, corresponding to FimH-Ld and also the 3-residues that constitute the linker chain, but not the pilin domain, of the crystal structure of the entire FimH molecule (Protein Data Bank code 1KLF) (Hung et al., 2002) was used for the simulations. This was done in order to both limit the simulation time needed and also to focus on the FimH-mannose binding interface and to avoid potential artifacts related to the interaction of the chaperone FimC to the pilin domain, as the chaperone was also present in the published crystal structure (Hung et al., 2002) . In both the full-length FimH structure and in FimH-Ld structures, mannose is found in the horizontal conformation and the complexes are thought to be in the high-affinity conformation (Aprikian et al., 2007; Tchesnokova et al., 2008) .
In the published wild-type FimH-ligand structures, the mannose-ring makes the same 11 direct hydrogen bonds (H-bonds) with residues in the FimH pocket, irrespective of the form of mannose bound. The difference in affinity between alpha-mannose (αΜ) and more complex mannose structures, such as alpha-methyl-mannose (αΜΜ) and alphabutyl-mannose, is thus likely not due primarily to differences in the interactions between FimH and the mannose ring, but originates from the formation of additional contacts between the carbohydrate ligand and the hydrophobic ridge that surrounds the entrance of the binding-pocket of FimH (Bouckaert et al., 2005; Hung et al., 2002; Nilsson et al., 2006 ).
An αMM residue was modeled in by alignment with the sugar ring of the mannose (αM) residue of the original crystal structure. This replacement step was necessary in order to use AMBER force field parameters (amber8/glycam) (Cornell et al., 1995; MacKerell et al., 1989; Weiner et al., 1984; Woods et al., 1995) for the simulations. As a control, equilibrium and unbinding MD simulations were also run with alpha-mannose (αΜ) using the CHARMM force field in combination with a modified version of the charmm22 glucose force field which was modified in-house for mannose by changing the isomerization of C2 of the carbon ring (Brooks et al., 1983; Kuttel et al., 2002) . In equilibrium simulations, this resulted in the same system behavior and in equivalent noncovalent interaction energies between the carbohydrate ring and individual residues in the FimH pocket as with αΜΜ/AMBER. However, in order to be able to use previously published force field parameters without in-lab modifications, results using the FimH-Ld:αΜΜ complex with AMBER are presented here.
This starting structure was solvated with TIP3 water molecules using the AMBER suite program xleap in a water box measuring at least 88 Å x 54 Å x 120 Å (Jorgensen et al., 1983) . A sodium ion was added to neutralize each system. Each resulting setups had at least 27,663 atoms, which were simulated as a periodic system using particle mesh Ewald summation.
Simulation Procedure and Parameters
All simulations were performed using the simulation package NAMD (Phillips et al., 2005) . The systems were then minimized in three sequential rounds, first allowing only water molecules to move (30 conjugate gradient steps), then all atoms other than C alpha protein backbone atoms (30 steps), and finally allowing all atoms to minimize (50 steps). Next, the system was heated in three rounds (40 ps, 40 ps, 60 ps), with the temperature increased 10 K every ps until 310 K was reached for each round, with the sequential application of restraints in each round performed as during minimization.
Finally, the system was allowed to equilibrate at constant pressure and temperature (NPT) for 1.5 ns through coupling to a 310 K bath, with the pressure set at 1 bar through anisotropic coupling to a Berendsen pressure piston. During this initial 1.5 ns equilibration, the overall complex remained stable, and the overall backbone RMSD leveled off to an average deviation of 1.4 Å from the crystal structure within the first 0.05 ns. In SMD simulations (Isralewitz et al., 2001; Karplus and McCammon, 2002) , force was applied along a force vector between the two opposing pulling atoms; C alpha of C-terminal residue 158 of FimH, which leads to the pilin domain in the full-length FimH construct, and the methyl carbon of αΜΜ.
In simulations starting from snapshots from previous simulations, no further minimization or thermalization was necessary. For some simulations noted in the text, mannose in various orientation was aligned into various FimH pocket conformations (both taken from snapshots of equilibration or constant force pulling simulations, as noted) based on the backbone atoms of FimH residues 1 and 54. For these simulations, the components of which had thus already been minimized, thermalized, and
